Exploring interactive tangrams for teaching basic school physics by Jain, Nibha
!





Presented to  





In Partial Fulfillment  
of the Requirements for the Degree 
Masters in Industrial Design, in the  




Georgia Institute of Technology 
March 2010 
Copyright 2010 by Nibha Jain
!
 




















Dr. Ellen Yi-Luen Do 
College of Architecture 
& College of Computing 
Georgia Institute of Technology 
 
Prof. Abir Mullick 
College of Architecture 
Georgia Institute of Technology 
 
Prof. Alexandra Mazalek 
Literature, Communication & 
Culture (LCC) 
Assistant Professor 
Georgia Institute of Technology 
 







Human relationships are such a crazy dance, we donʼt mean to do things and they get 
done. Down the line, we realize they just meant completely different things from our first 
conception. Prof. Ellen do made sure I never lost faith. I didnʼt see it coming, but she 
some how always managed to make me feel like I deserved better from myself and 
gently pushed me towards striving for it. Thanks for that, I hope I learn that trick. Prof. 
Mullickʼs ability to see things in perspective, use his uncanny ability to discern patterns 
in unruly data and his focus on keeping things human and natural imbibed in me a 
stronger appreciation for him every time we met. I serenaded Prof Mazalek and really 
went through stage fright on asking her to be my advisor. Even when she did not need 
to, she was there to give me feedback and allowed me into her research group 
discussions. She made me feel comfortable with what I was doing and I am grateful for 
that. Thank you Andy, for being so patient with my questions on how to make things 
work 
I cannot imagine going through all of the most twisted days without prof. Marisa 
Toppingʼs help. An unconditional friend, she was my backup design group. Weʼd 
brainstorm, and sort things out. A heart felt thanks to Prof. Gregory Abowd. He did not 
question my ability to do things and allowed me to bend rules to realize my dreams. 




this with you someday and maybe youʼll be happy to see all our classroom 
conversations bloom into a project. 
Vasudhara, Chris, Gourab, Isha, ma, pa, thanks for putting up with the ups and downs, 
you all make me smile when thereʼs no reason to. Abhishek, youʼre my lucky charm. Iʼd 



























TABLE OF CONTENTS 
 
 
ACKNOWLEDGEMENTS .............................................................................................. iii 
LIST OF FIGURES ........................................................................................................ ix 
SUMMARY ................................................................................................................... xiii 
CHAPTER 1: INTRODUCTION ...................................................................................... 1 
Background ..................................................................................................................... 1 
Purpose of the Study ...................................................................................................... 3 




CHAPTER 2: SURVEY OF LITERATURE .................................................................... 11 
Why we need to go back to the basics, and how .......................................................... 13 
The Kindergarten methodology: .................................................................................... 15 
Understanding why constructionism is critical ……………............................................ 18 
Applying Constructionism to Education ........................................................................ 19 
On using Technology for Education  ............................................................................. 20 




Physical Activity: making cognition and action work together....................................... 25 
What role do Tangible interactions play in learning?..................................................... 26 
The Tangible Advantage in Abstract Domains ............................................................. 29 
What is Tangible User interface? ...................................................................................30 
Tangible interaction.........................................................................................................31 
Do tangible interfaces enhance learning? ......................................................................34 
Comparing medium of learning ......................................................................................37 
Collaboration: towards play and learning........................................................................39 
Case Study: Topobo.......................................................................................................40 
Case Study: Super Tangrams........................................................................................43 
Case Study: TICLE: Tangible Interface to Enhance Collaborative Learning 
Experiences....................................................................................................................47 
CHAPTER 3: THEORETICAL FRAMEWORK............................................................... 52 
Childrenʼs Education And Technology Perspective....................................................... 53 
Tangible Computing Research...................................................................................... 55 
Identifying Research Question....................................................................................... 58 
Premise.......................................................................................................................... 60 
Hypotheses ................................................................................................................... 61 
The Experiment ……………........................................................................................... 61 
CHAPTER 4: METHODOLOGY ................................................................................... 62 
Learning from othersʼ success...................................................................................... 62 




CHAPTER 5: DESIGN AND DEVELOPMENT ............................................................ 67 
Designing the Prototype…………………………........................................................... 67 
Tangible Manipulation.................................................................................................. 67 
Embodied Facilitation: ................................................................................................. 69 
Design Guidelines........................................................................................................ 71 
Design Ideology .......................................................................................................... 75 
Design Description ...................................................................................................... 77 
Use Case Scenario...................................................................................................... 78 
The Setup .................................................................................................................... 79 
Projected development of mental models..................................................................... 80 
Proposed Idea of levels…………………………………................................................. 83 
Design Requirements .................................................................................................. 83 
Basic Interaction .......................................................................................................... 85 
The game .................................................................................................................... 86 
The infrastructure ........................................................................................................ 89 
The processing code................................................................................................... 92 
The final game Interaction.......................................................................................... 115 
Game play.................................................................................................................. 117 
CHAPTER 6: DISCUSSION AND CONCLUSION .................................................... 121 
Discussion ................................................................................................................ 121 
Conclusion ................................................................................................................ 124 

































































Figure 40 a representation of real and virtual pieces. The number on the virtual piece 













































Figure 1 Identifying scope of work for thesis. the picture includes a note on tangible User Interfaces, 











This Thesis explores the application of Tangible User Interfaces to Education. For this, a 
research study was conducted by building and testing a tangible-interactive game called 
Tangram Bridge. This Tangram based game was designed to teach players about basic 
physics principles such as balance, friction and motion on inclined planes. 
 
The focus of this Tangram Bridge is middle school physics, and therefore concerns 
children aged 11 years and up, their instructors and care givers. This research also lays 
a lot of emphasis on constructive play amongst children.  
 
Tangram Bridge is a versatile platform that can be scaled for younger or older 
populations. A comparative study of existing Tangible User Interfaces ( TUIs) revealed 
opportunity spaces for this project. Through a compilation of related research in the 
fields of education, hands on learning, Tangible interaction and understanding play and 




guidelines for the design of this study. Through the analysis of comparative research 
studies, trends on TUI with relation to education emerged, informing the design process 
for Tangram Bridge. 
 
This research study discusses the application of Tangible user interfaces to education. It 
combines the research data collected through market research, user testing and 
literature reviews to explore the efficacy of TUI as teaching tool for abstract concepts 
that require imagination and experimentation. 
The purpose of this research study is to test if Tangrams can be used as a physics-
teaching tool. Through this project, I wanted to explore the application of Tangrams in 
physics classrooms as a tool to understand basic concepts of physics such as Inclined 
planes, friction, and balance. 
To test this hypothesis, I developed an interactive Tangible User Interface (TUI) called 
Tangram Bridge. Tangram Bridge is in principle an augmented board game. Tangram 
Bridge comprised of physical Tangram pieces and a responsive touch surface. The 
objective of placing Tangram pieces in a virtual environment was to enable a richer, 
engaging hands-on learning experience. 
Players needed to use simple concepts of physics such as friction, slopes and balance 
to create these bridges. The players understanding of these concepts would be tested 




The interaction is based on the findings that Physical objects, like stones and pebbles, 
which children can touch and explore with their hands, help them to refine and stabilize 
the already acquired knowledge. Renowned pedagogues like Friedrich Froebel, Maria 
Montessori, Célestin Freinet and Jean Piaget have propagated this approach to physical 
bound teaching for a long time (Florian Scharf, 2008). 
The first step in this process was to test and evaluate the design of Tangram Bridge. To 
this effect, an analogue precursor of Tangram Bridge was developed and tested as a 
board game. Conclusions from this study were used to improve and change the final 
design and user experience of the interactive board game. 
Tangram Bridge uses traditional Tangram pieces to solve the various levels of the 
game. The various levels use a range of abilities, like understanding balance of forces, 
principles of inclined planes etc to solve the objective of the game. The objective of the 
game is to roll a ball from Point A on the game board to Point B. The only way this game 
differs from a traditional board game is that it is played on a slanted game board instead 
of a flat, horizontal one. The Tangram pieces are arranged on this slanted board to 
create a physical bridge between point A and point B. When the player builds a sound 
bridge between point A and point B, the ball rolls successfully to point B without 
dropping to the ground, player wins the round, and progresses to the next level. If the 
ball touches the ground without touching point B first, the game level start over and the 




Players need to use simple concepts of physics such as friction, slopes and balance to 
create these bridges. Once the player is finished creating his bridge, a ball is then rolled 
from point A to see if it reaches point B. Players may attempt each level of the game as 
many times as they like. There are multiple solutions to each level, and it is up to the 
playerʼs imagination to use the constraints provided by the Tangram pieces to build a 
stable, working bridge between the two points. 
The post test questionnaire will concentrate on gathering information about what the 
players thought of the game, its flaws, and document their learning from the game. 
Since the board game has been designed to emphasize on certain physical concepts, 
questions regarding players understanding of these concepts will be asked. These will 
be a set of short objective type questions. Conclusions from this study will be used to 
iterate on the next version of the game – Tangram Bridge 
 
A Rough timeline has been presented to show expected progress of events through the 





Figure 2 Timeline of Tangram Bridge project (Jain, 2010) 
!
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Through the analysis of comparative research studies, trends on TUI with relation to 
education emerged, informing the design process for Tangram Bridge. 
This research study discusses the application of Tangible user interfaces to education. It 
combines the research data collected through market research, user testing and 
literature reviews to prove the efficacy of TUI s as teaching tool for concepts that require 









“Play is often talked about as if it were a relief from serious learning. But for children, 
play is serious learning. Play is really the work of childhood.” -Fred Rogers 
My starting point came from a personally felt cause: making learning more fruitful, 















It is through play that much of children's learning is achieved. The physical, emotional 
and intellectual development of children is dependent upon active engagement - 
touching, manipulating, exploring and testing the world around themInvalid source 
specified.. Traditionally, physical objects and ʻmanipulativesʼ have been used in 
kindergartens, elementary schools and elsewhere to engage and help children learn in 
an effective and meaningful manner through hands-on play activityInvalid source 
specified.. However, as children progress through school, education becomes more 
literary, less hands on and more ʻdifficultʼ. Educational toys that provide hands-on and 
constructive learning have gained immense popularity in academic and commercial 
circles because of their value in childhood learning. In my present exploration, I begin by 
seeking a satisfactory answer to the question: How can I improve the effectiveness of 
present educational experiences using physical/digital manipulative for young students? 
In the present day, the adoption of technology in educational practices, specifically 
those focused on early age education, is increasingly being seen as a major step 
forward in making the education ʻmodernizedʼ. Unfortunately this adoption has just been 
limited to bringing the ʻcomputer to the classroomʼ and making the students learn how to 
use it. Such a step has been consequently fraught with controversies, and not without 
reason - research over the years has shown that a childʼs active engagement with 
physical objects is essential for laying the foundation for intelligence and abstract 
thought amongst young children. Thus, the movement towards virtual interfaces cannot 
entirely be justified Invalid source specified.. The full potential of technological tools 




and appropriate to support physical and critical thinking abilities of children. 
(Khandelwal). The diversity amongst childrenʼs learning styles creates a unique 
challenge. Can we design a toy that is universally appealing and effective?  
 
Purpose of the study: 
This project brings together a lot of disciplines. Some are more thoroughly chalked out 
than others, but they all contributed considerably to the design decisions through the 
project. Some of the main disciplines are Learning Sciences, Interaction design, 
Industrial Design and tangible User Interface design. Borrowing influences from these, 
I set out to synthesize a fun, engaging and learning experience for children of all ages. 
The device I proposed to design lends itself to multiple applications, and attempts to be 
a true constructionist means of learning.  
 
Significance of the study: Learning Sciences: 
Design for education: designing the experiences so as to enable people to do 
what they need to do (through inquiry) and thus learn in the process. 
The major influence of learning Sciences was to be able to deconstruct learning, 
learning styles and instruction styles into categories, which enable me the cross-check 
my design against each type of use case scenario, and really ensure that my design 




The other great influence was my theoretical introduction to Constructionism as a 
teaching style. Constructionism proposes that meaning constructed in the interplay of 
object and subject: When this theory is applied to learning, it translates to a learning 
system, where instruction is spare, rules and constraints are limited, and the learner is 
allowed to freely interact with the learning tool, constructing meaning through 
interaction, observation and empirical explorations. A typical example of such a learning 
tool would be construction blocks. 
The Constructionist approach contends with the Instructionist approach, where the 
instructor transfers knowledge into the learner through information (as compared the 
learnerʼs hands on experience with problem at hand). This method of knowledge 
generation is widely used in schools, where teachers address an entire classroom of 
students, instructing them with pre-existing models of knowledge, training the learner to 
accept and use a set of cognitive assumptions his or her mind makes through these 
instructions. This learning methodology is efficient in terms of time and number of 
students ʻtaughtʼ, but does little to spark a child curiosity and an appreciation of scientific 
inquiry into the nature of things.  
The largest overarching benefit of constructionist toys is its ability to creating a sense of 
autonomy and self-responsibility for exploration and learning. Autonomy of study is 
fueled by curiosity, thus making the learning Endeavour personally meaningful. This can 
be a crucial step for every child, as a culture of instilling inquiry and self-exploration 




Creating oneʼs owns mental models can be a critical skill for problem solving and 
innovation. 
Children are naturally curious and hands on. These natural tendencies could easily be 
leveraged using a tool that does not demand too many rules be followed, lends itself to 
a childʼs abstract thought yet gently instills a curiosity that begets constant exploration 
and iterative learning. 
Information collected in this manner creates confidence, and then, if this information is 
shared, it is reinforced in memory, becoming knowledge, facilitating a strong foundation 
of creating oneʼs owns mental models. 
 
Problem Identification: 
At the heart of this project, lie some of the most basic problems that plague our 
education systems: 
Intimidation by information: so much so as to dwarf learning capacity, natural 
curiosity and pursuit of knowledge 
Borrowing assumptions of teacher: Inability to understand the basic leads to 
ʻparroting; of a teachers words, concepts, even mental models. A teacherʼs position 
naturally evokes respect, and trust, paralyzing a learnerʼs ability to question his or her 
learning. We need to prevent students from settling into the habit of borrowing 




Telling someone they are wrong: Unfortunately, we see mistake as ugly, unlucky 
outcomes of wrong method, application. We constantly discount mistakes as errors, 
unwanted wastes of resources, be it time, effort, money, or education. Mistakes are 
crucial; they build our repertoire of experiences with critical information on what makes a 
right. One of the most frequently occurring bad learning experiences for learners is 
being told theyʻre wrong (instead of they are not there yet). Mistakes are part of the 
learning process, and we need to design more and more tools that encourage a 






It is widely recognized that each person prefers different learning styles and techniques. 
Learning styles group common ways in which people learn. Everyone has a mix of 
learning styles. Yet, each one of us may have a dominant style of learning. By using this 
style, we retain information better and for longer. These learning styles are largely 
based on our senses and our ability to assimilate data. The various Learning styles 
have been identified as: 
The learning styles are: 
1. Visual (spatial). Prefer using pictures, images, and spatial understanding. 
2. Aural (auditory-musical). Prefer using sound and music. 
3. Verbal (linguistic). Prefer using words, both in speech and writing. 
4. Physical (kinesthetic). Prefer using your body, hands and sense of touch. 
5. Logical (mathematical). Prefer using logic, reasoning and systems. 
6. Social (interpersonal). Prefer to learn in groups or with other people. 
7. Solitary (intrapersonal). You prefer to work alone and use self-study 
Using multiple learning styles and “multiple intelligences” for learning is a relatively 
new approach. This approach is one that educators have only recently started to 
recognize. Traditional schooling used (and continues to use) mainly linguistic and 
logical teaching methods. It also uses a limited range of learning and teaching 




repetition, and pressured exams for reinforcement and review. A natural result of this 
is the segregation of learners into “bright” and “dumb” students, depending on 
whether their natural learning styles match those being practiced and encouraged at 
school.  
By recognizing and understanding the various learning styles, I am attempting to 
create a learning tool that facilitates multiple learning styles. 
 
!










The ideal typical hard and soft approaches are each characterized by a cluster of 
attributes. Some involve organization of work (some prefer abstract thinking and 
systematic planning; others prefer a negotiation based approach and concrete forms of 
reasoning); other attributes concern the kind of relationship that the subject forms with 
computational objects. Hard mastery is characterized by a distanced stance, soft 
mastery by closeness to objects. 
Could this be applicable to tangible learning style? 
So for example, closeness to objects tends to support a concrete style of reasoning, a 
preference for using objects to think with, and a bias against the abstract formulae that 
maintain reason at a distance from its objects. Conversely, a distanced relationship with 
objects supports an analytic, rule- and plan-oriented style. Our theoretical conjecture is 
that degree of closeness to objects has developmental primacy; it comes first. The child 
forms a proximal or distant relationship to the world of things. The tendency to use the 
abstract and analytic or concrete and negotiation based style of thinking 
follows.(Seymour Papert) 
Computational objects offer a great deal to those whose approach requires a 
close relationship to an object experienced as tactile and concrete. 
Computational objects offer a physical path of access to the world of formal 




manipulate symbols on quadrille- ruled paper. But for many the ambivalent 























CHAPTER 2 : SURVEY OF LITERATURE: 
 
 
This project is based on assumptions about learning theory, and role of toys in learning 
and exploration. These assumptions are verified through the survey of literature on work 
previously done in this field. This exercise also provides a basic design guideline 
structure for the next step: building a new learning tool. 
The basic assumptions that will be verified through this survey are: 
1. Children learn through physical manipulation 
2. Physical manipulation is better achieved through tangible artifacts 
3. Tangible interaction supports better learning 
4. Richer the tangible interaction, richer the learning 
5. Building blocks are a good tool to create new mental models 
6. Children create mental model through unique learning senses, therefore a multi 
sensorial learning tool is ideal for effective learning. 
7. Interactivity can enhance engagement, tangible manipulation enhances learning 





A wide range of literature was surveyed in this regard, and I have outlined some of my 




















Why we need to go back to the basics, and how:  
In his paper: All I Really Need to Know (About Creative Thinking) I Learned (By 
Studying How Children Learn) in Kindergarten, Resnick talks about a five step cycle that 
he calls the “kindergarten approach to learning.” 
Imagine, Create, Play, Share, Reflect, and back to Imagine: 
!
Figure 6: The Kindergarten approach to learning. (Resnick) 
 
Learning through hands-on manipulation of physical manipulatives may be beneficial 
(e.g., Montessori Method, Frobelʼs Gifts). However, there is little empirical evidence to 
date to support such claims in the realm of childrenʼs tangible computing (Antle A. , 
2007),(Marshall P. , 2007). Understanding the role that the hands play in supporting 




method and design representations for a particular activity. Studying how children use 
their hands to augment developing cognitive abilities provides a window on physical 
interaction and may highlight results that can be generalized to adult populations. 
There is a benefit to supporting physical actions on computational objects, which can 
make difficult mental tasks easier to perform.(Antle A.N, 2009) 
!
Figure 7 Frobel's gifts (Montessoritoys) 
 
Frederick Froebelʼs Kindergarten provides an early and important instance of 
specialized objects in education. Froebel distilled his world view into a number of 




common forms and processes found in nature. The kindergarten gifts had a deep 
influence on 20th c. art. For instance, Frank Lloyd Wright credited kindergarten as the 
basis for his aesthetic vocabulary, and many of his architectural forms are similar to 
artifacts from the kindergarten classroom. Similarly, all of the founder of the Bauhaus 
either attended or taught kindergarten [Brosterman 1997]. Such evidence shows the 
strong influence educational objects can have on childrenʼs aesthetic development. 
Physical materials can also help children develop skills manipulating abstract concepts. 
Educational manipulatives are toys that are specially designed to help children with this. 
For example, “Cuisinaire rods” allow children to explore the abstract concepts of 
arithmetic by manipulating concrete, physical blocks of different lengths. By arranging 
blocks to create series of equal length, children can discover that 1+3=2+2.(Raffle, 
2006) 
 
The Kindergarten methodology: 
Resnick expands on how, if older students are to learn through the kindergarten 
approach, they need different types of tools, media and materials. He then goes on to 
build guidelines such as the materials do not over-constrain or over-determine. Children 
with different interests and different learning styles can all use the same materials, but 
each in his or her own personal way. 
Resnick advocates we provide children with the opportunity to design their own games. 




become more creative thinkers as they design their own games. His research group 
teamed up with Kafai to develop a new programming language, called Scratch 
(http://scratch.mit.edu), that enables children to create not only games but also 
interactive stories, animations, music, and art . In designing Scratch, one of the key 
goals was ―tinker-ability – that is, make it easy for children to playfully put together 
fragments of computer programs, try them out, take them apart, and recombine them. 
To create programs in Scratch, you simply snap together graphical blocks, much like 
LEGO bricks or puzzle pieces.(Resnick M. , All I Really Need to Know (About Creative 
Thinking) I Learned (By Studying How Children Learn) in Kindergarten*) 
The value of using the hands to manipulate objects in problem solving is not necessarily 
confined to direct input methods. Thinking with Hands -- Complementary Actions 
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An individual or group of individuals can improve their cognitive strategies for solving a 
problem by adapting the environment. One of the ways individuals do this is through a 
complementary strategy. Kirsh defines a complementary strategy as any organizing 
activity, which recruits external elements to reduce cognitive loads(Kirsh D. , 1995). A 
complementary action can be recognized as an interleaved sequence of mental and 
physical actions that result in a problem being solved in a more efficient way than if only 
mental or physical operations had been used. Complementary strategies involve 
actions, which can be either pragmatic or epistemic: Epistemic actions are those actions 
used to change the world in order to simplify the problem-solving task; pragmatic 
actions are those actions whose primary function is to bring the individual closer to his 
or her physical goal (e.g., winning the game, solving the puzzle, finding a 
solution).(Antle A.N, 2009) 
An action can serve both epistemic and pragmatic purposes simultaneously. For. E.g. In 
the realm of jigsaw puzzles, players typically organize pieces into groups containing: 
corner pieces, edge pieces, same colored pieces, or pieces of similar shape. These 
intermediate steps support visual search, but their function is epistemic, in that they do 
not bring players physically closer to their pragmatic goal of placing pieces to complete 







Understanding why constructionism is critical: 
Friedrich Fröbel: A German pedagogue, laid the foundation for modern education based 
on the recognition that children have unique needs and capabilities. He developed the 
concept of the “kindergarten”. Frobelʼs gifts, a set of construction blocks used to date in 
Kindergarten enables children to put their own thoughts to work. Frobelʼs work can be 
viewed as an early example of Seymour Papertʼs constructionist approach to 
education(Shade D. (., 1996) , which aims to engage learners in personally meaningful 
learning experiences. 
Seymour Papert: A mathematician, computer scientist and artificial intelligence pioneer, 
Dr. Papert worked with Jean Piaget. He created the LEGO programming language and 
is recognized as the father of Educational Computing. People laughed at Seymour 
Papert in the sixties when he talked about children using computers as instruments for 
learning and for enhancing creativity. The idea of an inexpensive personal computer 
was then science fiction. But Papert was conducting serious research in his capacity as 
a professor at MIT. This research led to many firsts. It was in his laboratory that children 
first had the chance to use the computer to write and to make graphics. The Logo 
programming language was created there, as were the first children's toys with built-in 
computation. The Logo Foundation was created to inform people about Logo and to 
support them in their use of Logo-based software for learning and teaching. 
Today Papert is considered the world's foremost expert on how technology can provide 




Mitchel Resnick: Cricket technology, Mindstorms created by LEGO Our guiding principle 
is “many paths, many styles” – that is, to develop technologies that can be used along 
many different paths, by children with many different styles. Too often, educational 
technologies are overly constrained, such as tutoring software for teaching algebra, or 
simulation software for modeling planetary motion in the solar system. Our goal is to 
provide tools that can be used in multiple ways, leaving more room for childrenʻs 
imaginations.(Resnick M. , All I Really Need to Know (About Creative Thinking) I 
Learned (By Studying How Children Learn) in Kindergarten*) 
Meaning is created through restructuring the spatial configuration of elements in the 
environment. A highly structured environment does not provide opportunities for 
restructuring and thus limits knowledge construction. What is required is an 
environment, either computational or otherwise, that supports multiple spatial 
configurations.(Antle A. n., 2009) 
 
Applying Constructionism to Education: 
Resnick, through his research studies with children and toys, compiled a list of 
guidelines for designing construction kits for kids: (Resnick M. , Some Reflections on 
Designing Construction Kits for Kids) 
1. Design for Designers  
2. Low Floor and wide Walls * 




4. Support Many Paths, Many Styles  
5. Make it as Simple as Possible – and Maybe Even Simpler  
6. Choose Black Boxes Carefully  
7. A Little Bit of Programming Goes a Long Way  
8. Give People What They Want – Not What They Ask For  
9. Invent Things That You Would Want to Use Yourself  
10. Iterate, Iterate – then Iterate Again 
* Analogy with LEGO kits: low starting level + wide range applications vs. get started 
(low floor) and possible for experts to work on increasingly sophisticated projects (high 
ceiling). For construction kits: diversity of outcomes as an indicator of success. 
 
On using Technology for Education:   
Mitchel Resnick , a professor at MIT media lab  founded a research group has 
developed a variety of educational tools that engage people in new types of design 
activities and learning experiences, including the "programmable bricks" that were the 
basis for the award-winning LEGO Mindstorms and starLOGO software. Certain 
excerpts from his paper simply discuss ideas on how children engage in learning and 
hw we can empower them with tools. Mitchel Resnick is a “constructionist” learning 
theorist and believes that ideas, and concepts are something that a child needs to build 




query through the right tools, not instruction.(Resnick M. , All I Really Need to Know 
(About Creative Thinking) I Learned (By Studying How Children Learn) in Kindergarten*)!
Resnick talks about how constructionism is critical to education for every child, as our 
current instruction system fixates itself on a centralized mindset (Resnick M. , Beyond 
the Centralized mindset: Starlogo and Netlogo) : “Constructivists might be happier with 
the "from scratch" modeling activity, as it requires the learner to start where she is at 
and interact with the modeling primitives to construct a model of the phenomenon. That 
special breed of constructivist called constructionists (Papert, 1991) would argue that 
this externalized construction process is the ideal way to engage learners in 
constructing robust mental models. The learner is actively engaged in formulating a 
question, formulating tentative answers to her question and through an iterative process 
of reformulation and debugging, arriving at a theory of how to answer the question 
instantiated in the model.!
This process is an act of doing and constructing mathematics and science instead of 
viewing the results of an expert having done the mathematics and science and handing 
it off to the learner. On the epistemological side, this lesson that mathematics and 
science are ongoing activities in which ordinary learners can be creative participants is 
an important meta-lesson of the modeling activity.”!
This prevalence of ʻcomputationʼ as we understand in the classical sense of a computer 





Since the prevailing image of the computer is that of a logical machine, and since 
programming is seen as a technical and mathematical activity, the existence of anything 
but an analytic approach in this area makes a dramatic argument for 
pluralism.(Seymour Papert)!
 “it would be particularly oxymoronic to convey the idea of constructionism through a 
definition since, after all, constructionism boils down to demanding that everything be 
understood by being constructed” (Papert, 1991) 
“Constructionism might be be understood by educators trained in the Piagetian tradition 
as a constructivist approach to developing and evaluating educational programs that 
make use of technologies with the purpose of learning. Constructionism proposes that 
technologies, computers as well as tangible manipulative such as robotics, are powerful 
for educational purposes when used for supporting the design, the construction, and the 
programming of personally and epistemologically meaningful projects ( papert, 1980; 
resnick, bruckman & martin, 1996a) 
Early childhood education has had a rich tradition of learning manipulatives. Papert's 
constructionism is rooted in Piaget's constructivism, in which learning is best 
categorized as an individual cognitive process given a social and cultural context. While 
one concentrates on the theory of how knowledge is built in individuals, the other seeks 
wide based applications for itself as a principle. Thus constructionism is both a theory of 




it offers a rich design based learning environment in which learning happens best when 
children and adults are engaged in learning by making, creating, programming, 
discovering and designing their own " objects to think with" in a playful manner.” ( bers: 
block to robots) 
Various constructionist tools have been developed to reflect the ideal learning 
environment, some explicitly for math, science storytelling, languages etc. others more 
generic, which accommodate interpretation and actively support transfer of knowledge. 
Bers talks about cleaving constructionism into four basic tenets:(Marina U. Bers, 2002) 
1. Learning by design  
2. Objects to learn with  
3. Powerful ideas  
4. The premium of self-reflection. 
In this context, teachers are asked to design a learning environment to support children 
in their explorations, to scaffold learning, and to provide interesting materials for children 
to manipulate in order to make concrete projects to share with others in the community 
(Bers & Urrea, 2000). These ideas are the core of constructionism, which has focused 
on designing computational learning environments that support all of the tenets. For 
example, to support childrenʼs explorations, computational environments must provide 
tools for learners to become designers of their own projects. As Mitchel Resnick pointed 
out, childrenʼs interactions with technology should be more like finger painting than 




Programmers and developers of these environments need to strike the right balance 
between enabling children to "translate" their ideas into real products, but also guide 
them into a happy understanding of how limitations and rules shape a real world 
product. It would be a wrong and unhelpful to follow a learning process that only 
facilitates success and masks failure. 
Children might have wonderful ideas. However, their understanding of the technology 
and their skills might be limiting to the implementation of these ideas. (Bers, 2008) 
!
Figure 9 GUI (left) and TUI (right) puzzles. Antle's work looks at comparing different input media to compare 
enjoyment and engagement. (Lesley Xie, 2008) 
 
Some of the questions that we need to ask ourselves in the purview of technology in 
education might be: Does supporting users to manually handle augmented physical 
objects change how they problem solve? How can we design interfaces to support 
children to offload difficult mental tasks to physical interactions with environment 




longer does this mean it is harder? Does direct physical interaction allow more 
opportunities for actions which support task learning?( (Antle A.N, 2009) 
 
Why moderating constructionism is key: 
Seymour Papert talks about how its difficult to define constructionism without being an 
Instructionist, because constructionism would require that each reader 'create' his own 
mental definition of the word, and it never be transmitted through a ' pipeline' of 
instruction. He then compares it to recursive functions and how each time the loop 
expresses itself; it defines itself a little bit more.(Papert, 1991) 
 
Physical Activity: making cognition and action work together: 
Children exploit physical action to dynamically offload parts of mental operations to 
physical action in the environment. Cognitive performance is enhanced through physical 
strategies that simplify the cognitive aspects of task. For example, in solving a jigsaw 
puzzle, a child will typically offload some of the difficult task of visualizing puzzle pieces 
by rotating the pieces with her hands and making spatial comparisons. Children solve 
many types of problems through this type of tight coupling of mental operations with 
physical actions in the environment. As they physically manipulate objects, they also 




tackle problems that require mental abilities they are still developing and concurrently 
develop the requisite skills.(Antle A. n., 2009) 
!
Figure 10 A child physically manipulates objects to assist better cognition; grouping, rotating and sorting 
helps her move forward with the puzzle problem. ( Antle A.n., 2009) 
 
What role do Tangible interactions play in learning? 
Physical activity and playing with physical objects such as building blocks and jigsaw 
puzzles play an important role in the development of children. In the beginning of the 
20th century, Montessori (Montessori, 1919) advocated self-directed learning through 
the use of physical manipulatives. It is observed that children were able to easily 
engage in play and concentrated learning with physical objects. 
Decades before digital technologies became accepted in everyday use, psychologists 
sought to understand the benefits of using physical objects and physical activity for 
learning. Bruner (Bruner, 1996) extensively worked together with the influential learning- 
psychologist Piaget, provided evidence that children often start learning how to solve 




ʻmodes of knowingʼ: action, image and symbol (Bruner, 1996). For example when 
learning about volume by pouring water from a thin glass into a wide glass, the action of 
pouring water is combined with the image of the water in both glasses which eventually 
leads to a symbolic representation of the concept of volume. Bruner states that forcing a 
combination of the three modes of knowing can result in a powerful representation of 
the world. The power of combining action, image and symbol is also underlined by 
experiments reported by for example Rieser et al. (Rieser, 1994) showing that physical 
action can support remembering, spatial imagery and imagining different perspectives of 
the surroundings. 
Similar influential learning theories are those of psychologists Vygotsky and Galʼperin, 
described in (Parreren, 1972). These theories emphasize that “mental acts origin in 
material acts”. In other words, higher psychological functions such as logical thinking 
and memory can only develop through physical acts such as manipulating physical 
objects.  
Marshall et al. (Marshall P. P., 2003) build on this while focusing on technology 
enhanced tangible objects for learning. Adopted from Heidegger(Heidegger, 1996), they 
distinguish tangibles to be used either as ʻready-to-handʼ or ʻpresent-at-handʼ. Objects 
are ready-to-hand when they are used to accomplish a task; the user is focused on the 
task rather then on the object or tool. Objects are present-at-hand when the user 
focuses on the object itself, which allows reflecting on the activity. Marshall et al. 
(Marshall P. P., 2003) suggest that effective and productive learning should involve both 




reflect on the learning activity, which is needed to learn from the experience. They 
suggest that tangible interfaces can be very effective for learning when they allow 
children to alternate between these two ways of treating objects. Learning takes places 
when shifting between experience (e.g., actions, material acts) and reflection (e.g., 
symbols, mental acts). (Bakker S., 2009) 
By embedding computational power in traditional childrenʼs toys such as blocks, beads, 
and balls, young children can learn about dynamic processes and “systems concepts “, 
such as feedback and emergence, that were previously considered too advanced for 
them (Resnick, 1998; Resnick, Berg, & Eisenberg, 2000). 
It is within this tradition that robotics presents a wonderful opportunity to introduce 
children to the world of technology. Not only can children de- sign and build interactive 
artifacts using materials from the world of engineering, such as gears, motors, and 
sensors, but they are also encouraged to integrate art materials and everyday objects to 
make their projects aesthetically pleasant.(Marina U. Bers, 2002) 
Tangible artifacts facilitate embodiment. Embodiment means how the form of its 
physical manifestation in the world shapes the nature of a living entityʼs cognition. An 
embodied perspective on human cognition foregrounds the role of the body, physical 
activity, and lived experience in cognition. Put simply, embodied cognition emphasizes 
how the particulars of human bodies acting in complex physical, social, and cultural 
environments determine perceptual and cognitive structures, processes, and 




A childʼs experiences with spatial structure later give meaning to the symbolic 
representations used in arithmetic. Children develop new understandings of many 
phenomena in this way. Children can test hypotheses, generate new states of 
information, and actively construct new knowledge in the world by manipulating its 
spatial properties.(Antle A. n., 2009) 
 
The Tangible Advantage in Abstract Domains 
Abstract concepts are hard to learn. The advantage of tangible interfaces as a teaching 
tool for abstract problem domains is threefold:  
(1) Sensory engagement – the natural way children learn, engaging multiple senses (in 
this case touch, vision, auditory) in a constructive process. 
(2) Accessibility – dramatically improves accessibility to younger children, to people with 
learning disabilities, and to novices. 
(3) Group learning – provides a multi-hand interface, does not give the control to one 
person, facilitates natural group interaction, and promotes group discussion. 
Physical objects have been traditionally used in kindergartens and elementary schools 
to introduce young learners to abstract concepts such as quantity, numbers, base ten, 
fractions etc. Abstract concepts of dynamic behavior, involving change and behavior 




A ten-year-old girl said: “I am a person that likes to do things with my hands. With 
software on the computer, itʼs always just clicking buttons and inserting numbers and 
then a window opens and you see the result. With the blocks I can feel what Iʼm doing, I 
can see the flow.”(Oren Zuckerman S. A., 2005) 
What is Tangible User interface? 
 
Tangible user interfaces utilize physical representation, manipulation of digital data and 
offer interactive couplings of physical artifacts with computationally modified digital 
information(E. Hornecker, 2006) 
Price et al. report that interaction with tangibles encourages engagement, excitement 
and collaboration(S Price, 2003) 
Eva Hornecker and Jacob Buur (Eva Hornecker, 2006)present a conceptual model that 
lets us understand and sort tangible User interfaces through the kind of interactions they 
facilitate. The definition of ʻtangible interfacesʼ frequently used in HCI is too narrow to 
encompass these. From the characterizations found in literature, we can distinguish a 
data-centered view, pursued in Computer Science and HCI; an expressive-movement- 
centered view from Industrial and Product Design; and a space-centered view 
influenced from Arts and Architecture:(E. Hornecker, 2006) 
1. Data-centered view: Ullmer and Ishii and others in HCI (Dourish, 2001), (Holmquist 




physical representation and manipulation of digital data, offering interactive couplings of 
physical artifacts with “computationally mediated digital information”(Holmquist L. E., 
1999). This characterization of tangible interfaces is frequently cited in HCI publications. 
Conceptual research from HCI and computer science often explores possible types of 
coupling and representations (Ullmer B. and Ishii, 2001). A variant of this view explores 
different types of couplings and transversals between the digital and the physical [26]. 
2. Expressive-Movement-centered view: An emerging ʻschoolʼ in product design 
aims to go beyond form and appearance and to design the interaction itself. This view 
emphasizes bodily interaction with objects, exploiting the “sensory richness and action 
potential of physical objects”, so that “meaning is created in the 
interaction”(Djajadiningrat, 2002). Design takes account of embodied skills, focuses on 
expressive movement and ʻrichʼ interaction with ʻstrong specificʼ products tailored to a 
domain (Buur, 2004), (Jensen, 2005). The design community prefers the term ʻtangible 
interactionʼ. 
3. Space-centered view: Interactive arts and architecture increasingly talk about 
ʻinteractive spacesʼ and build installations based on spatial interaction. ʻInteractive/ 
interactivating spacesʼ rely on combining physical space and objects with digital 
displays or sound installations (Bongers, 2002), (Rubidge, 2004). “Interactive systems, 
physically embedded within real spaces, offer opportunities for interacting with tangible 
devices”, and so “trigger display of digital content or reactive behaviors” (Ciolfi, 2004). 
Full-body interaction and use of the body as interaction device and display are further 





Tangible interaction, as we understand it, encompasses a broad range of systems 
and interfaces, building upon and synthesizing these views. These share the following 
characteristics: tangibility and materiality, physical embodiment of data, embodied 
interaction and bodily movement as an essential part of interaction, and embeddedness 
in real space [4, 5, 6, 8, 9, 18, 34]. Tangible interaction encompasses approaches from 
HCI, computer science, product design and interactive arts. 
This concept of tangible interaction has a broader scope than Ullmer and Ishiiʼs 
description of tangible interfaces: “giving physical form to digital information” and its 
subsequent physical control [34], which is often used as a definition of TUIs (data-
centered view). Tangible interaction is not restricted to controlling digital data and 
includes tangible appliances or remote control of the real world [24]. This approach 
focuses on designing the interaction itself (instead of the interface) and on exploiting the 
richness of bodily movement [5, 8]. Interaction with ʻinteractive spacesʼ by walking on 
sensing floors or by simply moving in space [4, 28] further extends our perspective on 
ʻtangibleʼ interaction, the body itself becoming an input ʻdeviceʼ. Instead of using a 
restrictive definition that excludes some of these interesting system variants (often 
















The framework is structured around four themes (figure 3) that are not mutually 
exclusive, but interrelated, offering different perspectives on tangible interaction. A set of 
concepts elaborates each theme, providing more concrete handles for understanding 
their implications. Themes are: 
1. Tangible Manipulation refers to the material representations with distinct tactile 
qualities, which are typically physically manipulated in tangible interaction. 
2. Spatial Interaction refers to the fact that tangible interaction is embedded in real 
space and interaction therefore occurs by movement in space. 




3. Embodied Facilitation highlights how the configuration of material objects and 
space affects and directs emerging group behavior. 
4. Expressive Representation focuses on the material and digital representations 
employed by tangible interaction systems, their expressiveness and legibility. 
 
Do tangible interfaces enhance learning? 
Paul Marshall looks at the area of learning with tangible interfaces, suggesting that more 
empirically grounded research is needed to guide development. This interest is related 
to the more general view within education that hands-on activity or manipulation of 
physical manipulatives can be of particular educational benefit  Most work in this area 
too has focused on technical development; theory and empirical demonstrations of the 
utility of tangible interfaces for learning have been less forthcoming. This has led to a 
situation where designers of learning environments have little principled basis on which 
to decide whether a tangible interface will be suitable for a particular task, which of the 
many types might be most appropriate, what features of a tangible interface design 
might be associated with particular benefits to interaction or learning and what features 
might be more incidental. 
A growing body of literature within the cognitive sciences focusing on embodiment 
suggests stronger links between physical activity and cognition than had previously 
been described (Barsalou L. a.-H., 2005), (Lakoff, 1999)This work suggests that 




Physical activity has been shown to influence and constrain cognitive processes 
(Barsalou L. N.). A second body of research within education and psychology has 
emphasized the role of physical materials and manipulatives in supporting learning 
(Montessori, The Montessori method: scientific pedagogy as applied to child education 
in the "children's houses"., 1912). Together, this work points to the potential of tangible 
systems in supporting learning. 
Where tangible interfaces are used to promote an activity like learning, Marshall 
suggests that a more empirically grounded framework is necessary to facilitate design. 
Marshall developed and presented an analytic framework comprising of six perspectives 














Figure 12 Analytic framework on tangibles for learning (Marshall P. , 2007) 
 
With the introduction of pervasive technologies, new opportunities for encouraging 
physical activity and using physical objects in learning have emerged. Recent studies 
underline the benefits of Embodied Interaction (Dourish, 2001)and Tangible User 
Interfaces (TUIs) (Ullmer B. and Ishii, 2001)for learning (e.g. (Marshall P. P., 2003)and 
(Parreren, 1972)). Antle (Antle A. , 2007) argues that tangible systems should be very 
powerful in engaging children in active learning; body movement and touching and 
manipulating the real world are valuable for cognitive development. Zuckerman et al. 
(Zuckerman, 2005)argue that TUIs are particularly beneficial for learning in abstract 




multiple senses is the natural way for children to learn. OʼMalley and Stanton-Fraser 
(OʼMalley) state that manipulating physical objects encourage self-directed activity in 
children. Therefore, tangible interaction can be valuable for learning and new 
technologies offer opportunities to bringing playfulness back into learning.(Bakker S., 
2009) 
 
Comparing medium of learning: 
As of 2008, it was still unknown how the properties of tangible interactions will contribute 
to the enjoyment and engagement in tangible games for school age children. 
Understanding these issues would contribute to grounding this technology agenda in 
empirical studies; inform the development of stronger frameworks for the theory and 
proactive of play based learning with tangibles; and lead to the development of 
principles to guide the design of new form of tangibles.(Lesley Xie, 2008) 
Leslie Xie and Alissa Antle looked at developing this metric through an experiment 
aimed at children aged 7 - 12 yrs. this experiment was the first empirical comparison of 
physical (traditional), graphical and tangible user interfaces for school aged children. 
African et al. describe the design and implementation of Ely, a tangible tabletop 












McNerny suggests that compared to screen based user interfaces, tangible user 
interfaces have made computation immediate and more accessible, and that they are 
appropriate for children learning about computation and scientific exploration 
(McNearny, 2004). Fernaues and Tholander propose that tangibles are good resources 
for action as well as alternative forms of data representation (Y fernaeus, 2006). Bohn 
present s a smart jigsaw puzzle but provides no systematic evaluation (5) 
 
Enjoyment and Engagement: 
Enjoyment and engagement are integral and critical to childrenʼs playful learning 
experience. The conceptual definition of enjoyment and engagement set the scope and 
meaning of each Learning tool prowess. Each is a complex construct, which may be 
derived from physical, social and cognitive theories. 
Figure 13 Ely: Touch screen, knobs and RFID readers. The interface presents one shared and 




Self-determination theory (SDT) is a macro-theory of human motivation concerned with 
the development and functioning of personality within social contexts (Ryan R. &., 
2000). SDT relates enjoyment (during social activities) with intrinsic motivation. The 
construct of intrinsic motivation describes natural inclination toward spontaneous 
interest and exploration that is essential to cognitive and social development, and 
represents a principal source of enjoyment (Ryan R. &., 2000). The Intrinsic Motivation 
Inventory (IMI) is a validated multidimensional measurement instrument based on SDT 
(Ryan R. , 2006). 
Engagement has been commonly conceptualized as a kind of mindfulness requiring 
cognitive effort and deep processing of new information (Salomon, 1897). This 
conceptualization is relevant for childrenʼs play since a dominant function of play is 
learning. Learning requires engaged attention. Read et al. propose that engagement 
could be measured by observing the occurrence of a set of behaviors including: smiles, 
laughing, concentration signs, excitable bouncing, positive vocalization, and that lack of 
engagement could be measured through behaviors including: frowns, signs of boredom 
(ear playing, fiddling) shrugs, and negative verbalization (Read, 2002) 
 
Collaboration: towards play and learning 
Children communicate and learn through social interaction and imitating one another. 
Inkpen et al. found that children exhibit a significantly higher level of engagement and 




collaborative environment is more likely to elicit increased intrinsic motivation(Sluis, 
2004). Working together in small groups is shown to increase childrenʼs enjoyment, 
engagement and motivation (Inkpen, 1999), (Scott S.D., 2003). Based upon the 
assumption that a collaborative playing environment may facilitate better engagement 
and learning across all activity and interface styles, it may be suggested as a model of 
interaction for Tangram Bridge. 
 
Case Study: Topobo 
Topobo is a 3D constructive assembly system with kinetic memory, the ability to record 
and playback physical motion. By snapping together a combination of Passive (static) 
and Active (motorized) components, people can quickly assemble dynamic biomorphic 
forms like animals and skeletons with Topobo, animate those forms by pushing, pulling, 
and twisting them, and observe the system repeatedly play back those motions. For 
example, a moose can be constructed and then taught to gesture and walk by twisting 
its body and legs. The moose will then repeat those movements and walk repeatedly. 
The same way people can learn about static structures like buildings by playing with 
blocks, they can learn about dynamic behaviors like animal locomotion by playing with 
Topobo.(Raffle, 2006) 
What issues arise when designing and deploying tangibles for learning in long term 
evaluation? Tangibles for learning - like all educational materials - must be evaluated in 




focus on the student as user. Here, we focus on the conception of the educator, and 
their use of the tangible interface in the absence of an inventor or HCI 











Tangibles for learning (OʼMalley) have sought to build on the success of educational 
manipulatives and constructivist learning while engaging learners in new ideas about 
dynamic systems through the use of hands-on experimentation with embedded 
computer technologies. The design principles behind Tangible User Interfaces (Ishii, 
1997) include leveraging natural metaphors of object usage and taking advantage of 
peopleʼs inherent skills and assumptions about the physical world.  
Figure 14 The Topobo system: An active surrounded by passive. Next, a Topobo 'moose' 











The ability to create tools and environments that make accessible to children many of 
the complex and temporal processes that computers can model and demonstrate is the 
key.  
Envisioning Topobo as a tool for simulations ranging in scale and time: it becomes an 
enabling technology for kinetic behavior. “In general, education is something where you 
want the fastest and easiest solution, and if itʼs something you have to stretch your 
imagination to make something work for a specific situation, thatʼs not something people 












Could Topobo succeed as a formal educational tool: could it fit within a lesson plan, 
state educational guidelines and other constraints that teachers juggle daily in designing 
their class material. (Amanda P., 2008) 
 
Case Study: Super Tangrams 
Super Tangrams is a computer-supported mathematics learning environment. The 
experiment covers a period of over two years of close collaboration between a university 
research team (Sedighian et al.), almost 50 students in grades 6 and 7 (10 to 12 year 
old children), and their teacher. 
One of the difficult tasks teachers face is to engage children in the learning of abstract 
mathematical concepts. Often many children find such subjects difficult to understand 
and boring. Two primary reasons for this are the cognitive challenge that many 
mathematical subjects present and the lack of motivation on the part of children. 
The Design: Super Tangrams involves the traditional Chinese Tangram puzzles in 
which the player is challenged to put together 7 geometric pieces to fit an outline. Once 




a piece is selected, the player must choose one of three transformations to move it, 
namely, translation, rotation, or reflection. Figure 5 depicts a puzzle in which the player 










As indicated, the key elements in Figure 5 include: 1) the selected piece, 2) a formal 
representation of an arc of rotation with two handles (one for changing the center of 
rotation and the other for changing the angle of rotation), 3) a ghost image indicating the 
final position of the selected piece given the current settings for the angle and center of 
rotation. Once the player is satisfied with the current transformation settings, (s)he must 
click on the 'GO' button which results in an animation of the transformation of the 
selected piece to the location of the ghost image.(Kamran Sedighian, 1996) 




General objective in designing Super Tangrams is to assist students in moving beyond 
their informal and intuitive understanding of 2D transformations, and to stimulate them 
to think about the formal mathematics involved (Sedighian, & Klawe, 1995). A few of the 
more specific learning goals include understanding that: 
1) A rotation involves setting an angle as well as a center of rotation,  
2) Rotating an object both turns it and translates it,  
3) A translation arrow indicates the distance and direction in which an object will move, 
4) Composite reflections are sufficient for performing all transformations, i.e., that the 
effect of any transformation can be achieved by an appropriate sequence of reflections. 
To make the puzzles progressively challenging, create cognitive dissonance as needed, 
and take the player through progressive zones of learning comfort, we have built the 
following features into the game: 
1) Some puzzles only allow the player the use of a subset of the transformations;  
2) Each puzzle's pieces have a unique initial configuration;  
3) Each puzzle allows the player to make a maximum number of moves;  
4) Each puzzle has a score which is inversely proportional to the number of moves  
5) The game has 3 levels, where higher levels provide less visual feedback thus giving 








1. Interface design in educational software plays a crucial role in how learners interact 
with the educational content, and consequently how they acquire knowledge and what 
knowledge they acquire. The results showed significant achievement differences among 
students who used different interface styles. Interface techniques such as 'scaffolding' 
and gradual removal of visual feedback can promote reflective cognition and improve 
learning. 
2. Direct manipulation graphical interfaces should be used with care in the context of 
interactive multimedia mathematics learning environments. The conventional interface 
design guideline calling for easier interaction and exertion of minimal cognitive load 
does not necessarily apply to educational environments. 
3. By carefully taking into account children's cognitive and affective needs, the design 
can help children enjoy learning mathematics. 






Case Study: TICLE: Tangible Interface to Enhance Collaborative 
Learning Experiences 
TICLE (Tangible Interfaces for Collaborative Learning Environments) is a project that 
explores new ways that a computer can enhance learning without dominating the 
educational experience.(Lori L. Scarlatos S. S., 2001) 
A system that "watches" students as they play with a Tangram puzzle on a physical 
tabletop, and offers help at appropriate times. Thus instead of making the computer a 
central part of the educational experience, our system acts as a "guide on the side" that 
students may either turn to for occasional help or ignore completely.(Lori L. Scarlatos Y. 
D., 1999) 
TICLE embodies a different notion of support for collaborative learning, combining the 
advantages of physical learning activities with those of computer tutors. With TICLE, 
children are given a set of physical puzzle pieces and a specific goal designed to teach 
some math or science concept. A computer system observes the children as they work 
with the puzzle, encouraging them as they make progress and offering to give them 
"hints" when they don't. The hints encourage thinking about the problem by asking 
children to consider-smaller related problems. TICLE is unique in that it: 
1. Fosters group participation, allowing children to focus on the puzzle without worrying 




2. Allows the computer to act as "guide on the side" by providing help and information 
only when it is needed, without dominating the educational activity; and 
3. Extends the realm of possibilities for tangible interfaces, prescribing a strategy for 
uniquely representing the state of a puzzle such that the system can rapidly check for 














Figure 18 children experiment with a subset of the puzzle, how shapes can be contructed through 




The objective:  
 
The system is based on the Tangram, an old Chinese geometry puzzle. The object of 
this puzzle is to recreate a given figure (e.g. a square) from the Tangram's seven simple 
shapes. The Tangram is a good choice because it can be used to show what "area" and 
"congruence" is without having to resort to formulas. Playing with it can also develop a 
geometric intuition in children, helping them to better grasp more complex geometric 











Computer vision techniques helps track the puzzle pieces as they are moved about. We 
are extending Underkoffier's approach [5], tagging the pieces with reflective markings 
and tracking them with a QuickCam mounted next to a light source.  
After identifying the location and orientation of the pieces, we generate an encoded 
string that uniquely represents the spatial relationships among the puzzle pieces. The 
spatial relationships and the strategy for encoding them is described in [4]. This is 
generated approximately once every second.(Lori L. Scarlatos Y. D., 1999) 
 
Interpreting User Actions 
Given the spatial relations among the puzzle pieces, our system then decides what the 
appropriate response is. Some of the conditions that it checks for are: 
1. Solution has been found. The players are congratulated, and the interface offers 
to explain underlying geometric principles. 
2. A partial solution has been found. The system encourages the players, telling 
them that they are on the right track. 
3. Puzzle pieces are being put together the wrong way. The system gently remarks 
that that will not lead to a solution, and offers to give the players a hint. 
4. Players hesitate for a long period of time. The system offers to either give the 




5. Puzzle pieces are removed from the table, or stacked on one another. The 
system reminds the students that all puzzle pieces must be fiat on the table, and 
offers to review the rules and goal of the game. 
A key factor in this system is determining the appropriate response rate. If the computer 
reacts to every move every second, it is likely to become annoying. If, however, it waits 
too long, it may become ineffective.(Lori L. Scarlatos Y. D., 1999) 
A constant risk with such pre-fed set of correct operations: so as to enable step-by-step 
guidance is the wrong assumption that we have all the right answers. There may be 
novel ways of putting things together, or purely an iterative process where children use 
manipulation as an extension of cognition, to which the system maybe incorrectly 
responding. 
Moving forward with a set of design guidelines case studies and a rough framework of 
requirements in terms of facilitating engaging interaction, enabling learning and 













As illustrated through my review of literature, the premise for this project has been laid 
by developments in different fields. This part of the document attempts to outline my 
objective, assumptions, design challenge and methodology and design approach. 
!






1. Childrenʼs Education And Technology Perspective 
The importance of sensory physical experience for learning has been long established 
by education theorists. Jean Piaget in his ʻTheory of Intellectual Developmentʼ explains 
that the learning process in very young children begins by processing information 
coming into the brain through firsthand experiences with things, people, and feelings, 
depending entirely on the senses of vision, hearing, touch, smell, and taste (Paiget, 
1962). The brain continually assimilates, or digests, information. Later in the 
development cycle, childrenʼs brains become able to form mental pictures or symbols of 
things, people, and feelings. They then begin to change their existing knowledge to form 
new ideas. However, for several more years children continue to depend to a large 
degree on their senses and firsthand experiences for learning. Piaget pictured 
adaptation as a basically upward spiral through a series of stages and sub-stages, 
making possible higher and higher levels of learning (H Ginsburg, 1979), (Oren 
Zuckerman M. R., 2005). Traditional toys have supported this concept of educational 
theorists by providing physical means to learn and play, enabling children to explore 
abstract and tangible concepts through direct manipulation of physical objects. In recent 
years, with the developments in educational technology, new ways to incorporate 
technology into the learning experience are being explored and introduced (Marlene, 
2007). This adoption has a twofold implication – it enhances the learning and 
development process and it makes the child more comfortable with using technology 




childrenʼs social, emotional, language, and cognitive development (Shade D. , 
1996)(Scoter, 2001). 
The attempts to adopt technology in early childhood education, however, have not been 
devoid of controversy. What is to be realized is, that the full potential of technological 
tools will only be achieved when they are used effectively and in ways that are 
meaningful and appropriate to support physical abilities and critical thinking of children 
(Bergen, 2000). The use of the computer in its present form for the education of young 
children lies contrary to the ideal development process described by Piaget, who 
theorized that a childʼs active engagement with physical objects is essential for laying 
the foundation for intelligence and abstract thought in the young mind. 
Additionally, for very young users who canʼt read or write and have still-developing 
motor and cognitive abilities learning and using computer interfaces is a major 
impediment. Preschool and even young elementary school children are still not at a 
literacy level required to read and understand screen/menu text and type their 
responses on the keyboard, nor do they have the motor skills required to operate a 
mouse or any standard point-and-click device (Revelle G. , 2001). Research shows that 
this inability is due to a variety of developmental factors - including the lack of fine motor 
control needed to use existing pointing devices, the lack of cognitive understanding of 
the mapping between controller use and whatʼs happening on screen, and the lack of 
abstract thinking skills - necessary to understand the typical screen-based 




As a result, there has been a growing interest in a new generation of interfaces 
that allow interaction with computers using physical objects. Of these, the most 
relevant ones to the topic here are computationally-enhanced physical objects or 
manipulative materials called "digital manipulatives”(Resnick M. E., 1998). A 
detailed discussion of the types and characteristics of these digital 
manipulatives is provided in the next section. 
 
2. Tangible Computing Research  
There has been a growing body of research into approaches for linking the physical and 
digital worlds. Weiserʼs vision of ubiquitous computing (Weiser, 1991), which proposes 
that our computer interactions should be more tightly integrated with our real-world 
activities, has made a seminal impact on the research in the field. Notable areas include 
ubiquitous computing, augmented reality, and computer-augmented environments, 
which have spurred continuing research efforts throughout the 1990s. 
Simultaneously, a new stream of interface research has begun to explore the 
relationship between physical representation and digital information, highlighting kinds 
of interaction that are not readily described by existing frameworks. Fitzmaurice, Ishii, 
and Buxton took an important step towards describing a new conceptual framework with 
their discussion of “graspable user interfaces” (Fitzmaurice, 1995). Building upon this 





a. Interactive surfaces 
A popular paradigm for tangible interfaces is based upon the concept of “interactive 
surfaces,” where physical objects are manipulated by users, upon an augmented 
surface. The presence, identity, and configuration of these objects is then electronically 
tracked, computationally interpreted, and graphically mediated. In the context of tangible 
interfaces, interactive surfaces have most frequently taken one of several major forms. 
Perhaps the most popular are “interactive workbenches,” where objects are configured 
upon a near horizontal workbench. A number of tangible interfaces have also been 
based upon “interactive walls”, having interaction based on a vertical augmented 
surface (Ullmer, 2002). Some good examples of interactive surfaces within our context 
are the commercial products of Zowie Intertainment. Zowie marketed two different 
playsets that used physical tokens to represent characters and artifacts. The placement 
and reconfiguration of these tokens within the playset was used to navigate and interact 
with various scenarios that were animated upon the screen (Francetic, 2000). 
b. Constructive assemblies 
Another major approach for tangible interfaces draws inspiration from building blocks 
and LEGOTM. This approach has been employed by some of the earliest tangible 
interfaces, often toward the ends of providing modular, electronically instrumented 
artifacts for constructing models of physical-world systems (Ullmer, 2002). 
The concept of constructive assemblies has been used in many cases to build 




Notable examples for constructive assemblies include the Stackables of Kramer and 
Minar (Kramer K. a., 1997); the Tiles of Kramer (Kramer K. H., 1998); and Heatonʼs 
Piano (Heaton, 2000). Each of these interfaces developed additional novel features, 
such as the Stackablesʼ concept of a distributed display; the Tilesʼ use of mobile code; 
and Peanoʼs conception as a touch-sensitive, painterly medium 
 
c. Token + constraints 
Ullmer identified a new TUI approach called “tokens+constraints” (or “physically 
constrained tokens”) (Ullmer, 2002). In this approach, physical tokens are used to 
describe and represent aggregates of digital information, allowing a small number of 
these tokens to manipulate large collections of digital information. Ullmer describes 
tokens as “discrete, spatially reconfigurable physical artifacts that each describe or 
represent an element or aggregate of digital information”, and constraints as “structures 
that physically channel how tokens can be manipulated, often limiting their movement to 
a single physical dimension”. Interaction methods are for such a computational system 








Figure 21 Structuring Theoretical Perspective (Jain, 2010) 
 
Identifying Research Question 
 
A few parameters that contributed to defining my final research area and specific 
questions were about defining the right scale of problem to solve. Theoretical framework 
provided enough number of opportunity spaces that would require exploratory design 
research. Here are some of the questions: 
1. How to Enable versatility of use 
 
2. How to pick the right scale of unit, such that there is a balance between 





3. How to enable a unit that lends itself to multiple configurations 
 
4. How do I pick the right scale and unit for my building blocks: rationale? 
Research Question: Can Tangrams be used to teach basics of Physics? 
Finally to summarize, I define the underlying premise, play principle, objective of the 
experiment. Through my thesis I will look at designing and experimenting with the 
resulting platform. 
!
Figure 22 A panel showing work of 2nd graders with Tangrams (Keith, 1997) 
!
!
Tangrams, unlike jigsaw puzzle, which must fit in a particular way to solve the problem, 




multiple solutions are possible to the same problem, encouraging students to think out 
of the box and express themselves in their creative ability to see and recognize 
patterns. 
Premise:  
1. Premise for using Tangrams 
2. Premise for application to school physics. 
3. Premise for using technologically enhanced interface 
4. Premise for using a Tangible user interface 
Traditionally Tangrams have been used as a spatial skill based puzzle to enhance the 
playersʼ visualization skills, spatial abilities and abstract thinking. For some time now, 
Tangrams have found popularity amongst modern schools as a teaching aid for 
geometry. Tangrams are based on beautifully logical geometric inter- relationships, 
making them ideal for the subject. Children who appreciate a more pragmatic approach 





Figure 23 Panel showing inter-relationships of geometric shapes and their application as a math problem 
Panel showing inter-relationships of geometric shapes and their application as a math problem (education) 
 
Hypotheses: As Tangrams are purely mathematical, yet a 3dimensional entity, one 
seeks to explore the possibility of leveraging their spatial skill enhancing capabilities and 
apply them to understand basic laws of physics. 
 
The Experiment:  




The experiment will be setup so as to enable children to interact easily and naturally 
with Tangram pieces. They will arrange these pieces and receive real time feedback 
from an interface. 
The interface is a computer screen with a slanted surface to enable children to use it 
like a normal desk or easel. The children will interact with this screen using their fingers 
and the Tangram pieces. The interface projected on the table surface is a simple game 
that requires the user to make a virtual ball on the screen reach from point A to point B. 
When the user is able to do so, the level is completed and the user may move onto the 
next exercise. 
The objective of the game is to use the Tangram puzzle pieces to build a “bridge” 
between point A and point B. Although the ball on the screen is virtual, it will behave like 
a real one, which is to say, gravity, (thus weight), friction, acceleration and all natural 
laws of physics are applied to this ball, much like a real one. If there is no bridge, the 
ball will fall into the “water” and sink (thus restarting the current level) 
However, the game enables players to use real, three-dimensional Tangram blocks to 
build the bridge. The interface is able to identify each element (or pieces of the Tangram 
uniquely, and thus map its exact position and orientation with respect to the ball, and 
with respect to its neighboring pieces. 
When a physically sound bridge has been built, the player presses the onscreen ball, 
and it begins to fall and roll, testing the playersʼ construction. If the player has done well, 




Each section of the game tries to incorporate a new thumb of rule when it comes to laws 
fo physics. Levels of the game are build towards understanding principles of friction, 
motion on inclined plane, balance (the fulcrum and lever arm) and so on. 
As the player engages in play, he or she subconsciously imbibes and form patterns 
about these basic thumb rules through trial and testing their designs of ʻbridgesʼ. What 
makes the game unique at so many levels? 
1. The use of Tangrams and leverage their underlying geometry to understand 
physics. 
2. Use of Tangrams to build bridges from point A to point B (much like a traditional 
Tangram outline puzzle, only without the constraint of fitting in) 
3. Users interact with real world objects but manipulate a virtual environment, thus 
ensuring rich sensory experience with immediate response system. 
4. As players have real Tangram pieces, what they build on their surface has to be 
a viable, real rendition of their onscreen design, thus enabling them to get a very 





CHAPTER 4: METHODOLOGY 
 
 
The project attempts to approach a traditional problem with the solution of a new 
technology. There have been few and varied antecedents, and none of them focus 
explicitly on tying the solution to the present classroom curriculum and environment. As 
such, there were many discoveries to be made along the way, and the best way to 
move forward was an open-ended approach to learning about the domain, by:  
a) Researching into similar projects and learning from their experiences,  
b) Observing the present learning environment practices at actual schools, and  
c) Testing the artifact developed in real classrooms and refining it. 
 
Learning From Othersʼ Success 
From the onset, the project aimed as much at exploring tangible technologies and 
artifacts as on delivering an interactive system that could be used to enhance learning 
activities for children. In order to avoid reinventing the wheel, an integral step of the 




elsewhere. Identification of general and specific guidelines will help in the shaping the 
final proposed toy based solution 
 
Observing Present Learning Practices 
For the project to be successful, it is important to keep in mind the expectations and 
limitations of our target population – the children aged 7 years and up – and their 
present learning environment. Hence, regular visits to school and observation of the 
learning patterns of the young students was included as an important part of the project 
methodology, both in the design and the development phase. 
The observations during these school visits will help in the formulation of useful insights 
for the design guidelines. Presently, it is the responsibility of the teacher to keep 
everyone on the same page, which generally implies repetition until the last student has 
understood the concept being taught. This slows down the whole learning process. 
Students should be able to learn at a pace convenient to them. Moreover, the product 
would emphasize learning basic physics problems through collaborative play. 
These carefully designed activities will not only employ the interactive capabilities for 
maximum engagement, but also do so in a way that is meaningful to the child in 
fostering better understanding. The activities presented here are only as sample for the 





Taking The Prototype To Real-World Classrooms 
After incorporating the knowledge gained from researching existing projects and 
observing the classrooms into a fully functional interactive prototype, the final step in the 
research project should involve exposing the prototype to the present classroom 
environment, and refining the project functionality and scope by learning in the process. 
In order to obtain maximum output from this step, it can be carried out in two phases: 
1. Study with teachers 
 2. Study with children. 
The two steps also represent emphasis on involving the two integral players in the 
classroom environment – the students and the teachers. In order to solicit important 
feedback, research study instruments will have to be designed that will guide the 
interaction with both these players. These instruments are a Focus Group study 
(involving teachers in a dialogue to obtain their expectations and requirements from a 
product like so) and a Usability study (involving students to identify usability and 













Designing the Prototype: 
Positioning Tangram Bridge in the world of Tangible User Interface.Tangram Bridge lies 
in the intersection of Tangible Manipulations and Embodied facilitation.(Eva Hornecker, 
2006). Horenecer describes these Tangible Interaction spaces in great detail:  
 
Tangible Manipulation: 
Tangible Manipulation is bodily interaction with physical objects. These objects are 
coupled with computational resources (Ullmer, 2002), allowing the user to control 
computation. 
Tangible Manipulation involves directly manipulating material objects that represent the 
objects of interest (unlike a mouse that acts as a generic and transient intermediary) 
(Ullmer, 2002). These objects are simultaneously interface, interaction object and 
interaction device (for this distinction see (M.Beaudouin-Lafon, 2000)). We termed this 
haptic direct manipulation. One manipulates the interaction objects, has tactile contact, 
feels haptic feedback and material qualities. Tangible objects can invite us to interact by 




Itʼs been found (Eden H., 2002) that a good representation is not sufficient for 
supporting discussion groups if there are no lightweight means of creation and 
manipulation. These provide focus, allow for creating shared visions and make these 
discussable. Lightweight interaction creates a ʻconversationalʼ style of interaction, giving 
constant feedback, allowing users to proceed in small steps, and to express and test 
their ideas quickly. 
Directness can also refer to the relation between the manipulation of interaction devices 
and the acted-upon objects as well as eventual effects (M.Beaudouin-Lafon, 2000). 
Isomorph effects that preserve the structure of the userʼs manual actions by e.g. being 
close in time, visible nearby or of the same shape, are easily legible. If data is physically 
represented and manipulated, this is often provided. Yet, we feel that too many tangible 
interfaces aim for direct one-to-one mappings, remaining literal and missing out 
opportunities for employing magical metaphors or for providing the user with 
computational re-representations of information (S Price, 2003) and transformations of 
input (highlighted by the theory of distributed cognition (Hollan J. D., 2007), (Hutchins, 
1995), (Kirsh D. , 1995). While aiming to exploit tangible objectsʼ strength of providing 
legible relations between cause and effect, we simultaneously warn of stopping at 
simple, direct mappings. If tangible interaction is to become useful for complex domains 
and to scale up to real-world size examples, balancing legibility and computational 
power is one of the grand challenges. The main concepts, colloquially phrased, are: 





2. Lightweight Interaction: Can users proceed in small, experimental steps? Is there 
rapid feedback during interacting? 
3. Isomorph Effects: How easy is it to understand the relation between actions and 
their effects? Does the system provide powerful representations that transform the 
problem? 
 
Embodied Facilitation:  
With tangible interaction we literally move in physical space and metaphorically in 
software space. These define structure that facilitates, prohibits and hinders some 
actions, allowing, directing, and limiting behavior. Structure thereby shapes emerging 
social configurations. Tangible interaction embodies structure and thereby styles, 
methods and means of facilitation. We can learn from facilitation methods how to shape 
physical and procedural structure so as to support and subtly direct group processes. 
The concept of embodied constraints refers to the physical system set-up or 
configuration of space and objects. Embodied constraints (such as size, form, or 
location of objects, cf. (Scott, 2003) ease some activities and limit others, determining 
trajectories of action or providing implicit suggestions. The options to access and 
manipulate relevant objects provide access points. We can analyze systems in terms of 
the resources offered for observing, accessing, and interacting with the objects of 
interest, and in terms of privileges and restrictions. Multiple access points distribute 




Representations that are tailored for user groups can address and engage participants, 
offering cognitive and emotional access. While intuitiveness of interaction is helpful in 
the first encounter with the system, in the long run simple intuitiveness neglects usersʼ 
skill (cf. (Buur, 2004) and does not scale to experienced users and complex domains. 
While new users should be able to quickly explore the basic syntax of interaction when 
manipulating objects, the semantics and refined interaction syntax may rely on domain 
knowledge, experience, and skill. The main concepts in this theme are: 
1. Embodied Constraints: Does the physical set-up lead users to collaborate by 
subtly constraining their behavior? 
2. Multiple Access Points: Can all users see what is going on and get their hands 
on the central objects of interest? 
3. Tailored Representation: Does the representation build on usersʼ experience? 






Zuckerman et al. (Zuckerman, 2005) suggest a set of design guideline to create better-
resolved learning tools. 
(1) Generic structures vs. real-world objects – the building blocks should enable 
modeling of generic, abstract structures, as opposed to real-world objects (e.g. model 
the generic behavior of exponential growth, rather than a specific example like a virus 
spreading). 
(2) Level of Abstraction - maintain a high level of abstraction of the constructed 
simulations and structures, so concreteness would come from a childʼs analogies rather 
than a structureʼs visual form (e.g. the constructed creation should not look like 
something familiar from real-life). 
(3) Semantic Association - maintains a rigorous and theoretically grounded 
association between the building blocks and their underlying meaning (e.g each block 
should represent a specific mathematical operation or concept). 
(4) Encourage analogies - provide a method to concretize a general structure using a 
variety of examples (e.g. a way for children to write a meaning on each block, or a way 




(A) Modularity - develop a simple set of building blocks that can be connected in a 
variety of ways, enabling children to construct different models. 
(B) Multi-sensory representations – provide multiple representations for the simulated 
behavior (such as light, sound, numeric display, graph) to support different styles of 
learning. 
(C) Coincide i/o – manipulation and simulation occur at the same space (e.g. a child 
constructs and tweaks the simulation using only the blocks, with no need for an 
additional GUI). 
(D) Synchronous i/o – manipulation and simulation occurs at the same time (e.g. a 
child can tweak a simulation and see the result in real-time). 
These guidelines were referred to and instructed the design phases of Tangram bridge 
design and development. 
Design objective: to create an engaging tool appropriate for school to use for teaching 
physics. 
To understand the scope of application of Tangrams as a constructionist tool in 
classrooms, its uses were mapped across subjects that deal with abstract concepts 
which are difficult to grasp. The efficacy of Tangrams ( or any tools) would lie in 




principles that can be observed over extremely long or minute periods of time, or 
happen at too large or small a scale for human eye to perceive. 









































Figure 25 Defining design Ideology for Tangram bridge (Jain, 2010) 
 
Design Ideology:  
The design focuses on combining design guidelines collected through secondary 
literature review and apply them to the idea of creating powerful learning tools for the 
classroom. The Design sensibilities confirm to a simplistic design which can easily lend 
itself to any physical setup. The Tangram pieces developed for Tangram Bridge are 




unobtrusive visual identity that letʼs the virtual representations on the screen compliment 
the physical Tangram pieces. The setup is simple, and does not require any special 
equipment.  
The Tangram Bridge play kit:  
 
!





Tangram Bridge facilitates constructive play. This is illustrated by the game and its 
application of same Tangram blocks to build mental models on slopes, friction, 
reflection, refraction and many more physics concepts. With a few tweaks to the 
underlying platform, the same infrastructure lends itself to many applications. Another 
critical principle of constructionism is reinforced by Tangrams. There is no one right way 
of solving problem. Tangram pieces can be arranged in myriad ways, just so long as it 
is physically possible to do so. There is no way a triangular block will balance itself on 
its tip unless supporting by another block. Children will learn this iteratively as they try to 
create new bridge to solve problems. The number of constraints is limited and intuitive, 
thus requiring no new learning. The system encourages children to try many times so 
reinforce learning the underlying concept, not a particular composition. 
!





Use Case Scenario: 
A basic game of Tangram consists of arranging pieces to fit an outline that usually 
represents an abstracted animal or object. There are innumerable combinations and 
shapes that Tangrams lend themselves to, making it a true constructionist toy. All age 
groups can play with this puzzle set as its only constraint in ability to grasp abstracted 
shapes and resolve spatial orientation of pieces to fit that shape. Children have the 
innate ability to see patterns and can easily age with this toy, depending on the 

















The game setup includes a) a camera to capture movement and position of b)Tangram 
pieces, c)a screen on which the playing canvass with the d)virtual ball shows up, e)a 










The Tangram Bridge setup would be compact and minimal in infrastructure, capable of 











Figure 30 Panels comparing the proposed, intermediate and final Tangram Bridge setup (Jain, 2010) 
 
Projected development of mental models:  
Children naturally perceive patterns. They grasp on behaviors that repeat and start 
building notions of underlying principles. This supported by factual data, classroom 
guidance and peer collaboration can result in a rich learning experience, where the child 
naturally forms his mental models, as opposed to forcing himself to memorize one, 
borrowed from a school teacher, or a text book.  























By interacting with Tangram Bridge, it is projected that through iterative play children will 
grasp principles about subjects like kinematic on slopes, role of friction in movement 
and concept of acceleration, vs. speed. For e.g. it is easy to notices that as you descend 
a sticky slide, the force of kinetic friction opposes your motion the steeper the incline, 
the faster an object will slide the acceleration and velocity of the box to be affected by 
the angle of the plane. The rate at which the object slides down the surface is 
dependent upon how tilted the surface is the greater the tilt of the surface, the faster the 














Proposed Idea of levels 
The environment could be explored with a multitude of settings: both real and virtual. 
Tangram blocks could be provided with skins: different materials produce different 
interaction. A separate set of wool covered Tangrams with their unique fidicual IDs 
could be fed into the system to create a new level of Kinematic physics game 
complexity. 
Combining the two sets is another possibility. Another set of highly polished 'glass' 
Tangram blocks provide the other spectrum of this experiment. 
Creating virtual skins is another possibility. Players could assign behaviors to their 
Tangram play environment. The physics parameters could be set such that the entire 
experiment is done on 'moon' or underwater. 
Each of these behaviors enrich the users understanding of how gravity mass and 
material affect kinematics on inclined planes. 
 
Design requirements:  
These design requirements listed below were formed during and after the review of 
literature and identify design opportunity spaces in current education related tools. 
1. The design should be modular  
2. The design should follow the basic principles of constructionism, both in its form 




3. The design should facilitate engaging play, enable children to explore and learn 
from experimentation and collaboration. 
4. The design should be able to accommodate current classroom infrastructure with 
minimal or no changes 
5. The design should be scalable. 
For Tangram Bridge to work, the computer needs to indentify Tangram pieces correctly, 
mirror their manipulation actively and associate the virtual balls, movement and position 
relative to the position of the Tangram pieces. In order to achieve this, the system 
should be capable of: 
1. Reliably track and process unique configurations of Tangram pieces 
2. Efficiently add and delete new pieces: depending on whether is it seen or not 
3. Reading objects through transitions: pieces should be represented in their true 
state at all time. If a piece is being rotated, its effect on the environment should 
be apparent. 
4. Being extensible and flexible to include new application 
The Materials: For this project I used an array of Acrylic, wooden and foam pieces to 
build by material library. My assigning them unique fiduciary markers, and changing 
their physical properties in the code, we are able to simulate ball rolling faster on acrylic 
pieces than on foam pieces. This can be extended to any material the student wishes to 




properties to create a stronger handle on physical properties, students will be able to 
compare, understand and learn dynamic behaviors of different materials. 
 
Tangram Bridge: 
A simple constructionist tool that explores application of traditional Tangrams to 
understand some of the basic principles of physics for a middle school grader. 
 
Basic Interaction:  
Children collaboratively solve a Tangram puzzle to match an existing profile, creating 
their own stories as the interface leads them through a series of puzzles. Children 
naturally create shapes using Tangramʼs and are very hands on with manipulating 
pieces to create new designs. Tangram Bridge proposes to leverage this natural 
engagement to facilitate learning of physics basics through Tangrams. 
The project started with a very ideal concept of how the idea would come together to 
create an engaging, rewarding and simplistic hands on tool to initiate children into these 





Figure 32 Initial ideas on interaction models (Jain, 2010) 
!
Players would interact with real Tangram pieces to the effect of manipulating a 
simulated world to understand laws of physics. 
 
The game:  
The objective of the game is to enable a virtual ball from point A to point B on the screen 




direct the ball towards the goal. This is achieved by building real physically sound 
bridges between point A and on using the surface of the screen as a canvas for the 
Tangram pieces.  
!

























The Infrastructure:  
The Tangram pieces are marked with unique fiduciary markers enabling them with 
identity. This identification facilitates the program to locate their spatial co ordinates with 
respect to the screen and to other pieces, their rotation angle and their displacement. 
reacTIVision is an open source, cross-platform computer vision framework for the fast 
and robust tracking of fiducial markers attached onto physical objects, as well as for 
multi-touch finger tracking. It was mainly designed as a toolkit for the rapid development 
of table-based tangible user interfaces (TUI) and multi-touch interactive surfaces. It 
implements the TUIO protocol, which was specially designed for transmitting the state 
of tangible objects and multi-touch events on a table surface.(Kaltenbrunner, 2005-
2009) 
reacTIVision works in tandem with fiducial markers. The application comes with a library 
of markers called “amoeba” (used in this project) set of 216 fiducials. These can be 
printed and attached to any object that needs to be tracked. 
reacTIVision detects the ID, position and rotation angle of fiducial markers in the video 
image and transmits these values to the client application via TUIO, a protocol based on 
Open Sound Control. 
TUIO assigns a session ID to each object in the scene and transmits this session ID 
along with the fiducial ID. This allows the identification and tracking of several objects 
with the same ID.(Kaltenbrunner, 2005-2009). This is how we enable the system to 













Three things that run together to enable the game are: 
1. The basic java based code, run in processing for this project 
2. The physics engines plug-in enabling real life like interactions with virtual objects 
3. The Reactivision setup, enabling the java program to ʻseeʼ the fiduciary markers 
on the Tangram pieces. 
1. The Basic Java based code: the interaction for Tangram bridge was coded in 
processing language, which is a java based object oriented language. It imports libraries 
from java e.g. box wrap 2D (which is a translation of original Java JBox2d physics 
library) to simulate physics. Processing is a programming language, development 
environment, and online community that since 2001 has promoted software literacy 
within the visual arts. Initially created to serve as a software sketchbook and to teach 





fundamentals of computer programming within a visual context, Processing quickly 








Physics libraries (Box wrap 2D) assign physics behaviors to drawing and convert them 
into rigid objects. As this was my first time with creating any sort of code, I struggled 
with problems like matching physics world co ordinates with screen coordinates. At 
various stages of designing the interaction I ran into issues like seeing objects in a 
physics world, but not being able to make them fall, then eventually figuring out that they 
were objects without any density. To keep them from falling/ sagging initially (due to 
their own weight, I had to keep their initial density zero, only on mouse click do the 
objects acquire density, and start behaving like real world objects. 
The final code emerged after a thorough set of iterations made possible by Abhishek 
Gupta, an ex student of Digital media department from Georgia Tech.  The final code is 
as follows: 
It starts with importing necessary libraries: TUIO to enable interaction with fiducial 
markers and jbox2d to enable real world physics. boxwrap 2d to talk to processing is 
also imported. 















Next, classes and objects within those classes are defined. Elements to represent 



















































An instance of TUIO processing client is created. This will enable processing to parse 
data that TUIO sends through the variables we establish. InitScene and Create objects 














The draw function is called to run in loops. This will enable the program to continuously 










Here, virtual physics world dimensions are defined. parameters of gravity, object density 
































All this is not really used, this is as is from TUIO library, and take care of scaling objects 




















This game is setup to recognize fiducial IDs 0 to 6. A wide library of fidcuai IDs are 
avaible, making this game scalable to a wide array of playing pieces. 
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// Now the fidicuial positions and their corresponding shapes are used to create a call 


































// The following is called every time a new Tangram piece is added or removed from the 




























































































// go through each of our body lists in the physics world 
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    // go through each of the shapes contained in the current body 
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Now, the polygons are translated in term of their vertices and converted to points. These 
points are then translated into their relative pixel position ( x and y co ordinates.) This 
proved to be a challenge as identifying positions relative to the world (our canvass) is 





























































































































































































Establishing collision detection amongst shapes for real world interaction. This will 































The final game Interaction: 
When the above code is run, the canvass is set and the following window is seen: 
 





At this stage, the interface is already capable of sensing fiducial markers, and if shown 
these shapes, represents them by drawing appropriately assigned Tangram polygons. 
Once the stage is set, the pieces are in position, the ball is clicked on and it starts to fall. 
Once it touches the Tangram pieces, it is then able to roll along their sides, follow 
slopes, and bounce off corners in a realistic manner. 
!







As illustrated in the code, parameters like density, gravity and restitution are variables 
that can be assigned different values. This provides the possibility of making unlimited 
environments such as under water environments, understanding zero gravity, friction 
due to materials etc. All these are important yet abstract concepts that can be easily 
illustrated using this tool. 
When the fiducials that have been assigned a shape in the code are shown tot the 
camera, it looks something like the following: 
!
Figure 40 a representation of real and virtual pieces. The number on the virtual piece correspond the fiducial 








The next three slides will illustrate the setup, the start and interaction of the final 
prototype: 
!
Figure 41 a user sets up the pieces to form a bridge (Jain, 2010) 





Figure 42 User clicks on the ball to initiate it (Jain, 2010) 






Figure 43 the ball starts to roll and reaches its destination following slopes of the pieces. (Jain, 2010) 
Once the ball is released, it rolls along the contour of the physical pieces. If it reaches 
the goal, the user progress to next level, otherwise tweaks his/ her design to roll the ball 








CHAPTER 6: DISCUSSION AND CONCLUSION 
 
!
The overall feedback this project received has been very positive. The game is 
engaging and users have enjoyed interacting with the Tangible user interface. It has 
been constantly seen as an empowering tool, lending more control over the virtual world 
than expected through a normal Graphical user interface. During the two occasions 
where users interacted with the prototype ( GVU demo Day and graduate thesis 
presentation) 
Discussions: 
The following discussions emerged: 
Mind mapping:  
Users noted and appreciated that this product bridged the usual mental map disconnect 
between manipulating an object on a horizontal surface to effect changes on a vertical 
one ( a normal screen mouse scenario). It was noted that this was especially relevant to 
children, who may not have strong notions of this spatial translation. The ability to 
manually tweak pieces and see a virtual ball roll along the contours of those very pieces 
present a very sound representation of a real world scenario. It does not expect children 





Technology Vs. Simplicity: 
I was often asked: why are you using technology when you could just use Tangram 
pieces and roll a real ball along the side just the same. What is the benefit? The benefit 
is the added motivation. Versatility of use, and scalability. It is true that simple toys are 
the best. That is why Tangram were picked up for the purpose of this thesis. They do 
not have too many constraints and the rules are embedded in the way they are shaped. 
They do not instruct, yet, if they are to be applied to a specific goal (such as learning 
physics) a setup, which is engaging, informative and motivating are critical for continued 
interest and interaction. Current toy trends have ensured younger generations are 
comfortable with technologically savvy toys. The toy looks at culminating current toy 
preferences with guidelines on better-engaged play. 
The layer of technology is an added affordance to a preexisting game of Tangrams, or 
any building blocks. The technology is unobtrusive, with Each Tangram piece having a 
small fiduciary sticker on it. Any parameters could be assigned to these fiducial markers, 
making this platform a very versatile and scalable project.  
Versatility:  
I have used Tangram Blocks as a starting point of how constructionist toys can be given 
new meaning and affordance in classroom. The intent was simple. Children struggle 
with abstract ideas. Children naturally understand construction blocks. Children should 
be helped to form their own mental models. Building blocks can help understand 




construction blocks are a successful learning tool. If the construction blocks could be 
given added affordances, where they are capable of changing their properties 
depending on class requirements (E.G: the same piece of Tangram becomes a rugged 
hill for teaching friction and then becomes a fat glass slab to understand refraction of 
light) 
Tangram pieces are just a starting point; any set of constructionist toys could be 
induced with similar affordance to create powerful learning results. 
Scalability:  
The current design is capable of expanding to accommodate as many as 400 uniquely 
identified blocks. This can be extended to having myriad Tangram blocks in an array of 
materials, sizes and properties. Or could be expanded to a whole new set of shapes to 
introduce more variance in terms of contours, angles and tangible experience. 
Application level: Tangrams are a very universal game. Children 6 years and up 
naturally understand how to interact with them. As shown in the proposed design, these 
could be applied to a vast age group of students depending on classroom requirements. 
For example, for really young children, understanding motion could be resolved as a 
purely visual exercise. The goal remains in its most simplistic form: get the ball from 
point A to B. for the next level of complexity, children start understanding 
interrelationships between slopes, acceleration, angle, friction and make informed 
choices on what blocks to position where in order to reach the goal. The highest level of 




numerically accurate decisions on angles, speed, slope length to arrive at the end goal. 
It continues to be hands on and iterative, but granularity of details changes to provide 
for information to the user. 
Conclusion:  
The initial feedback has been very positive, and it remains to be tested in a real world 
scenario how effective this platform would be, both in terms of application and versatility 
of use to teach physics. 
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